The number of patients presenting with an acute myocardial infarction (MI) and prior coronary artery bypass grafting (CABG) is increasing. We compared the baseline characteristics, treatment, and clinical outcomes of patients with and without prior CABG in the VALIANT trial.
Introduction
The number of coronary artery bypass graft (CABG) operations performed globally peaked in the mid-1990s. More than 1.5 million patients had this surgery in the USA between 1990 and 1999, 1 and broadly similar activity rates occurred in Europe 2,3 and Australia. 4 However, it is known from angiographic studies that half of all vein grafts become diseased and one-quarter occluded by 5 years, 5 with an increasing risk of recurrent myocardial ischaemia and infarction in the longer term. 5, 6 As a result of these two trends, the number of patients admitted with an acute coronary syndrome (ACS) and a prior history of CABG has increased in recent years. In the United States National Registry of Myocardial Infarction, the proportion of patients with prior CABG has risen consistently every year from 10.6% in 1994 to 12.9% in 1999 (P ¼ 0.0001), 7 and the incidence of early complications in these patients has remained static. For example, the proportion of CABG patients presenting with cardiogenic shock did not change from 1995 (12.2%) to 2004 (11.8%). 8 Furthermore, in the Global Registry of Acute Coronary Events (GRACE), which included 11 389 ACS patients enrolled between 1 April 1999 through 31 March 2001 in 14 countries from 18 geographic locations, a history of CABG was present in 12.6% of all patients and in 8.0% of all in-hospital deaths (n ¼ 509). 9 In patients who presented with myocardial infarction (MI) and survived to discharge, history of CABG was univariably associated with 6 month mortality. 10 These data suggest that the global burden of unstable coronary artery disease in patients with prior CABG is rising. There are few prospective controlled studies of the clinical characteristics, contemporary treatment, and, particularly, the long-term non-fatal and fatal cardiovascular outcomes in these patients. Therefore, we have carried out a detailed comparison of patients with and without prior CABG in the VALsartan In Acute myocardial iNfarcTion trial (VALIANT).
Methods

Trial design
The design of VALIANT has been reported in detail. 11, 12 Patients with an established diagnosis of acute MI were enrolled between 12 h and 10 days after symptom onset, had to have objective evidence of left ventricular (LV) systolic dysfunction [reduced LV ejection fraction (EF) 40% on radionuclide ventriculography or 35% on echocardiography or X-ray contrast angiography, or an echocardiographic wall motion index 1.2], clinical evidence of heart failure (HF) according to the criteria of the Acute Infarction Ramipril Efficacy trial (AIRE) investigators, 13 or both. The main exclusion criteria were hypotension, shock, renal impairment, ongoing clinical instability (such as angina or arrhythmia), and intolerance or contraindication to use of an angiotensin-converting enzyme inhibitor. Patients were randomly assigned equally to receive captopril (target dose 50 mg three times daily), valsartan (target dose 160 mg twice daily), or the combination of the two (captopril 50 mg three times daily and valsartan 80 mg twice daily).
Data collected at baseline
The VALIANT case report forms collected data on the following: (i) basic demographic factors (age, sex, type and site of qualifying MI, etc.); (ii) medical history before the qualifying MI (including procedures and operations); (iii) treatments given for the qualifying MI (e.g., antiplatelet and reperfusion therapy); (iv) events occurring between the qualifying MI and randomization (such as development of post-infarction angina, arrhythmias, HF, or procedures); and (v) concomitant medications used within the 24 h before randomization (these baseline medications reflected a mixture of treatments prescribed at the time of admission and those begun after admission).
Trial endpoints
The primary endpoint of VALIANT was all-cause mortality. 11, 12 The secondary endpoints included cardiovascular mortality and a number of composites of cardiovascular mortality and non-fatal cardiovascular events including MI, hospitalization for HF, stroke, and resuscitation after cardiac arrest. All pre-specified endpoints were adjudicated by a clinical endpoints committee. Definitions of the endpoints have been previously published.
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Statistical analysis
Patient characteristics, events, and treatments at baseline, at qualifying MI, and at randomization were compared between patients with prior CABG and those without a history of CABG. Categorical variables were summarized as percentages and differences between patients with prior CABG compared with no history of CABG were determined using the Pearson x 2 test. Continuous variables were summarized as means and standard deviations or as medians with 25th and 75th percentiles (Q1, Q3). Patients with or without a history of CABG were compared on these characteristics using the non-parametric Wilcoxon rank sum test. The Kaplan-Meier method was used to estimate the probability of an event (e.g., death and treatment discontinuation) at or before a given time over the 3 year follow-up period. These estimates were stratified by history of CABG. With such a large sample size, statistical differences may occur when the clinical difference is not meaningful. Factors must be considered both clinically and statistically significant to be described as different in the text. Cox proportional hazards regression modelling was used for the 3 year outcomes (mortality or cardiovascular death, and mortality plus morbidity including HF hospitalization, MI, stroke, or resuscitated cardiac arrest). Each analysis was adjusted for the pre-randomization patient characteristics from previously developed Cox proportional hazards models of each outcome. If not already present in a model, the CABG indicator was included. All analyses were performed using SAS software version 8.2 (SAS Institute, Inc., Cary, NC, USA).
Results
Of the 14 703 patients included in the intention to treat analysis of VALIANT, 1026 (7%) had a history of CABG.
Baseline characteristics and treatments
Baseline demographics and comorbidity Compared with patients without previous CABG, patients with prior CABG were more often male, had more comorbidity (including congestive HF, previous MI and peripheral arterial disease, chronic renal insufficiency, and diabetes), and were randomly assigned approximately 10 h earlier (P , 0.005) ( Table 1) .
Qualifying myocardial infarction type, left ventricular function, and heart failure Coronary artery bypass graft patients enrolled in VALIANT were significantly more likely than those without CABG to have had a non-Q wave MI ( Table 2) . Compared with patients without prior CABG, patients with prior CABG experienced an anterior MI less often and left bundle branch block more frequently. Left ventricular ejection fraction was lower in patients with prior CABG ( Table 2) .
Treatment for qualifying myocardial infarction
Prior CABG patients were less likely than patients without a history of CABG to have received aspirin, a beta-blocker, or thrombolytic therapy, but were more likely to have received glycoprotein IIb/IIIa inhibitor therapy ( Table 2) . Primary percutaneous coronary intervention (PCI) occurred with similar frequency in patients with or without prior CABG.
Events and treatment between qualifying myocardial infarction and randomization Prior CABG patients were more likely than patients without CABG to experience post-infarction angina and have cardiac catheterization, percutaneous coronary revascularization, intraaortic balloon counterpulsation, and cardiac defibrillator therapy ( Table 3) . Coronary artery bypass grafting occurred with similar frequency in both groups.
Patients with a history of CABG were more likely to experience renal insufficiency, dyslipidaemia, and diabetes than patients without CABG. Congestive HF occurred with similar frequency in patients with or without prior CABG; however, ventricular fibrillation trended towards occurring less often in patients with prior CABG (Table 3) .
Treatment within 24 h prior to randomization There were several differences in the use of key treatments between patients with prior CABG and those without CABG, notably in the use of beta-blockers and statins, which were used more frequently in patients with prior CABG (Table 4) .
Early mortality
A total of 589 (4%) patients died by 30 days, and 47 (8%) of these patients had a history of CABG.
Long-term clinical outcomes
The median (Q1, Q3) duration of follow-up for survivors without a history of CABG [26 months (22, 31) ] was similar to the median duration of follow-up in patients with prior CABG [27.5 months (22, 32) ].
Mortality
Unadjusted all-cause mortality from randomization until the end of follow-up is shown in Figure 1 . Patients with a history of CABG were more likely to die than patients without prior CABG. An identical pattern was seen for cardiovascular mortality (Figure 2) . In a regression model, adjusting for over 25 qualifying MI, and post-MI baseline variables, history of CABG was not an independent predictor of all-cause mortality ( Table 5) .
Composite mortality-morbidity outcomes The unadjusted risks of the secondary composite outcomes of cardiovascular death or non-fatal hospitalizations, including MI, HF, stroke, and resuscitated cardiac arrest are shown in Supplementary material online, Figures S1A-C and the adjusted risks in Table 5 .
Prior CABG was an independent predictor of all the pre-specified cardiovascular mortality -morbidity composite outcomes.
Discussion
VALIANT, one of the largest contemporary trials of acute MI, is in a strong position to give a global perspective on the clinical characteristics, treatment, and outcomes of patients with prior CABG who experience an acute MI. This is by virtue of the large number of patients with prior CABG randomly assigned, detailed patient characterization at baseline, and multiple fatal and non-fatal events captured during long-term follow-up.
Clinical characteristics and treatment differences
Prior CABG patients differed in many important ways from patients without CABG. In keeping with earlier reports, 10, 14, 15 CABG patients more often had a history of previous MI and presented more often with non-Q wave MI. Infarct size is typically less in prior CABG patients compared with MI patients without prior CABG, 16, 17 and the reasons for this include an increased likelihood of non-transmural MI and less jeopardized myocardium distal to the culprit vessel, 17 which is usually a vein graft. 16, 18 Interestingly, patients with prior CABG presented less often with anterior MI suggesting protection by patent internal mammary artery-left anterior descending (LAD) artery conduits, which is the most common type of graft to the LAD. 2 Prior CABG patients more commonly had a history of treated congestive HF and a lower EF. Recurrent ischaemia and use of intraaortic balloon pump therapy were more common in the early post-infarct period in prior CABG patients, although the frequency of atrial or ventricular arrhythmias was similar in both groups. Patients with prior CABG were also older and had greater comorbidity, and prognostically important medical complications such as new diabetes and renal dysfunction occurred more often in these patients.
Patients with prior CABG received some evidence-based drug therapies less often. Underuse of beta-blockers probably reflects the higher prevalence of HF and chronic obstructive pulmonary disease. Underuse of aspirin may be related to the increased use of warfarin in patients with prior CABG ( Table 1 .) The lower use of thrombolysis in patients with prior CABG presumably reflects a lower prevalence of ST segment elevation MI (inferred from the lower proportion of these patients with Q wave MI) and physicianpreference for interventional management. However, by the time of randomization, the use of evidence-based secondary prevention therapy was greater in patients with prior CABG.
Outcomes
Previous clinical trials have shown that ACS patients with prior CABG have an increased risk of early mortality (Figure 3 ). In the GRACE registry, 10 prior CABG was associated with increased in-hospital mortality 9 and was a univariable, but not a multivariable, predictor of 6-month mortality. 10 We have extended these observations to examine longer term outcomes and to describe nonfatal and fatal outcomes. Prior CABG was an independent predictor of adverse cardiovascular outcomes, including the composite outcome of cardiovascular death, MI, and HF. Our multivariable findings extend those of an earlier Canadian cohort study in 410 MI patients with or without prior CABG in which a history of CABG was associated with a higher crude rate of ischaemic cardiac events at 5 years. 19 Previous explain the reduced capacity of these patients to withstand recurrent myocardial ischaemia or infarction and their increased risk of cardiac morbidity and mortality. We also found that a history of prior CABG was a univariable but not a multivariable predictor of all-cause mortality. This result is consistent with similar results from the GRACE registry. 10 These observations suggest that the adverse risk profile of patients with prior CABG, such as increased age, history of HF, and previous MI, explains the reduced survival rate of prior CABG patients compared to patients without prior CABG.
Clinical messages
Physicians are faced with increasing numbers of ACS patients with prior CABG and these patients are at high short-and long-term risk of poor outcome, even despite a higher rate of early invasive management. The reasons for the worse outcome of prior CABG patients are likely due to the higher risk profile of these patients (e.g., increased age, higher rates of cardiac, and non-cardiac morbidities), under-treatment with evidence-based therapies, and lack of an optimal initial reperfusion strategy in MI.
Lytic therapy has poor efficacy in thrombotic saphenous vein graft (SVG) occlusions. 30 On the other hand, primary PCI in a culprit SVG is also much less likely to achieve normal antegrade flow compared with PCI in a native vessel, and failure to achieve adequate flow is an important determinant of subsequent mortality. 18 No prospective randomized controlled trial has addressed this question adequately. In recent primary PCI trials, the absolute number of patients enrolled with prior CABG has been low (generally ,3%), limiting meaningful interpretation. 22, 23 Indeed, some trials of invasive vs. conservative management in ACS have excluded patients with prior CABG, 24 -26 and some of the trials that did include CABG patients have not reported outcomes in these patients. 27, 28 A prospective randomized trial of reperfusion strategies is merited in this high-risk group. Under-treatment with some evidence-based drug therapies suggests these patients may benefit from more intensive management in order to reduce their risk of adverse cardiovascular events. Evidence-based pharmacological therapy is also important in this group with recent studies showing the importance of intensive lipid lowering therapy in CABG patients. 29 Consequently, our observations suggest that in acute MI, underuse of prognostically important medical therapies may be a complicating factor in patients with prior CABG who experience an acute MI.
Limitations
We focused on a subgroup within the VALIANT population, and VALIANT was not designed to prospectively investigate the outcomes of patients with prior CABG. We focused on CABG patients with clinical HF or a low EF, rather than CABG patients without these problems, in whom the outcomes are likely to be better. Our data do not permit an analysis based on the presence or absence of ST-elevation. Although our analyses are performed in a clinical trial population, there was no upper age limit for participation in VALIANT.
Supplementary material
Supplementary Material is available at European Heart Journal Online.
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